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(57) Abstract: 



PURPOSE: A method for manufacturing a damascene 
gate type MOS transistor is to prevent an occurrence of 
cracks or voids within the damascene gate, thereby 
enhancing the reliability. 

CONSTITUTION: A dummy gate of the first conductive 
type impurity-doped oxide film(21) and a dummy gate 
material film is formed on a silicon substrate(20) 
provided with the first conductive type MOS transistor 
region and the second conductive type MOS transistor 
region. A high impurity ion is implanted into the 
semiconductor substrate to form source and drain 
regions. An interlayer dielectric(23) is deposited to fill a 
space between the dummy gates. The dummy gate is 
removed to form a damascene gate groove. The first 
conductive type impurity-doped oxide film of the 
second conductive type MOS transistor region is 
removed. An insulating spacer(24) is formed on a 
sidewall of the damascene gate groove such that the 
oxide film remains only below the insulating spacer of 
the first conductive type MOS transistor region. The 
resultant substrate is annealed, so that the first 
conductive type impurity is diffused into the 
semiconductor substrate of the first conductive type 
MOS transistor region to form an LDD(lightly doped 
drain) structured source and drain regions. 
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^ £ *ll Jl^Oil 51°^. ^61 CH0)<M (damascene) ^I0|eg M^XI^Ej M2gf 

Oil 20ID1, CHffl£i LH¥°J SBfSOlU M0IE ^£8€ ^ XI m ^ 9i£z QD\td 3101^1* 2 

M^xi^a jaisgreis aise^ai n =^oi sm. ^?i ^§ sgapi ?i» ^ ^s^, an 22 
2^ e^Hxi^a s^^f hi 2 22s 2^ mshxi^eh s«e ^puieh yssi &011 an £3i m 
mo\ £g8 yaq ^ oh □] ^loi^g ss^s iaatb an B3ti; &oi hoi ^loi^e s 

nHEiy sfoi chdi :hioi^§ n^rnb ai2 e+^i ; ai2 ^ 401 

2 £si s± Maxima s^o) &01 212x11 jib 2121011 m&w $\m 11^2 m^m 

g^ojs ^AlShfe ai3 BJI; £HI CHOI }|0|^ AK)|£| 21^8 g2*§SS|0S Ofj^OI g&sIM 01 

^ ai4 ; choi D\\o\^m hi^skh- ^loi^g §§ ggs^ ai5 &j\w &d\ ai2 2s 

^^HXI^Ei g^°J #2W» fl|^5^ jg|6 BJI: ^21 CH01<y ^lOIMg g ^^011 ^ffll 

aim sasta, *m an £2i 2^ ^enxi^a g«o| ^ni |c?^ ^ mi 01 ah ef¥0ii°i 

ohte ai7 B3II: ^xHdlM tfAloKH LH2J g£M0| £HI ail £2§ 2^ e 

XI^Q £12*11 ^IB2^ ^^£12^ 8[0\ LDD 4:2^/^31 £Je ggolb Xj|8 B 

; ^Ol ai8 0^ ^¥011 71101 ^ ^C4Q| ^ »|Q|e S^g 2£af§ 1^5^ ai9 B 



10 B^IM SB3K« Ol^OISCf. 



EiM\&o\0\ CHDi<M 5|| 01 M 



, ^Hi|0|/H, PSG2| 



2 1a LHXI 2 Igfe ^EHPl^Oll d>a CH[H<M ^lOIMg 2^ e^xi^EI g§£. 

2 2a LHXI 2 2g^ g ^Sdl 0>g S^AIOIieJ CUCH^ ^|0|^g 2^ ^^XI^Ej aiS g§ 



21 : PSGQt 

24 : aasj" ^IEjlOIAH 
26 : >ilO|e S£Qf 



20 
23 
25 



s a £ ^} 
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gjfj if 51 ^2001-0065914 



at SSI £3 



¥ ^§8 S}2*!l XII 2£ D\^0\\ &m 22^, s S) Q|Oj < M( damascene) XlOl^g M^XI^Ei l]\ £ y 

S01I 51 01 CI. 

a^2§, 2± m^xi^e^ ?uo\^ m&mm 9io\M , sue Mai^en^c doped 

polysi I icon)M AJ-USH Sa. nau. HI2XHI £X}2J ^a^lsfOil Oja 4:Xie 0l¥b HH0OI D|A||S g 

n siHoi, sieoii^ o.\5w oibi^xi o i >mi s> ^ h susin hd. oi on cna. s&^ei 2^ isai 

A}§£|0) S £S2 Ma^lES 3 X}X||2| ^8 blXHS m^9.^ 2J6}0| XI £ AIZI0I H2| ON g Oil HBI 

oiae ^xiiss ^2*11 sxisi na^aoii ma Qi^ gate shs a^an 2*201, ois ^h^b^i 

ASKS 131}} CI^(DRAM)^ 0I&2J &2fl| £X} XII 2 A| 2^ XHSSA) UIX3SOI S±E!!(W):D} IS 

s^ji g^Hj ^goi ^aiso aa. 

ne.HU, oi 2f is dixmoi in A}ga}oi :hioim &=>m ass 3? aenf is 5^ 

^fllS e>H 91U. >II0|M ^sl^tgate oxide) &0il S^3I 89QtS S»S}te TilOl^ 2^ mmm 

§*f5f2, xioim s = Df^ai oigsKH oiee mi eh y m ceh xioim #s}Qt2i g^ei^cni, 01 
m sfefspi ?is}oi ihioim xh^ai^mi sa. neicn. xioim ssai eaotsi 
oi#4*» ei&oi «»soi ¥2*ns sasta hhei^s thoim ssmsg 8*}Ai3i^ saisoi 

□ioi<y ^ioim ji^b oiae ^xiisee avail 4- ciB2s ^eih saici-. se. choi<m mm 

Ollfe 2^21 3I0IM 5j§t 4^ 21 CH gf^ x}A||CH ^ £ xHi £X}0)|2| ^gOI ^°J6} 

a. 

£J¥@ 2E 2 1a LHX! £ 1gte S2H3IS0II HIE OiOH^ XIOIMg 2^ M^XI^EH fl|£ g§2^Ai , 
CHOI (dummy) 3I0IMS A[§?} SSI 2AI6IH 2iQ. 

eeOI^Oll CHCH <y ^ilOIMg j=2UI^El 2 1a Oil 2AIS W2f SOI 

^iekio) fefoii §^^^(n) * sai^y^ets e^am. oi> hh ay si 01 hoi ^ioim(i2)m a^e 
a. 

a§2^, 2 ib«i 2ai@ b^2^ aoi aai moim(12) imay ai qdi ^ioim(i2) a s^ssmiuoi ^ 

S SJ^AI^IH, LDO( Lightly Doped Drain) OIS^SJ A| ^31! <^sf^ «S§ ^SS 4 s &2^ 

oh^l ?jo r Oj LDD ^SSSi ^A| B[H, LDD 0|S^EI(n" OlS^Ei) * ^xHdlS ^Al^Cf . 2S¥S 
'13'S LDD ^sfSSOII 2|5H CHOI ^|0|M(12) H^Otl S^Q UEft8 3S0|Cf. 

DH2^, 2 1c Oil 2A|@ b|2f SOI CHOI ^101^(12) ^«0|| IS^ ±M0\M ( 14)§ §^sn>, 
^2^/2£jiei U£g ?le[ H^2 OIS^SJ(n + OlS^gJ) S gxHdlM ^Al&a. 

^i^moi, 2 idoii £ais bi2f ioi aai ^ ^¥011 ezi^^°i(i5)M e^sm, si«i^ • ji^ e 

OKChemical Mechanical Polishing, CMP) SSI ^A|5|01 CHOI D\\0\^(]2)D\ til §2^ 
0| OH AH , 2 1e0il 2AIS U[2i I0| CHOI ^iiO|M(12)M a^'^^S 2^ ^AiA»2|aM Algol 01 d^^o 
31 ^SKW. 2 If Oil 2A|^ b!2l 301 2^8 ■^»0K11. 13)B SI^S * 2^9 ^£1^ ^IB(IO) S 

soil »ioim aeiBt(i6)s iso, oichai duo\^ s^g s^^(i7)g »ais B«r»o. oin. 9101 

M S^^(17)S §^@l(W)e m% v ^\ e^(Chemical Vapor Deposition, CVD)^2^ 

a, 

2 1g0il 2AIS b!2| ^0| 8380 ^( 15)01 kit §ES CMP g§§ ^A|5|Oi S&sIM 01 

id. 

3 dH L|, ^^|2| 301 eBH2] CHOI IHIOIM |^5S8 ^lOj^ =^g|( 17 ) eS v A| QH □! 

^I0IM(12)^ S^SCH Sl@ ^1I0|E ao][ 7II0IM S^S S^S|(17)0| OH^SUI 5»2, 

SaSKseam. A)0IU M0|2(void, B)^l 1f 85) 

otae »as(A)om moi2(b)^ oiond ^iioi^g mo\ 0.07/^ oisisi 1500 -4000A §221 n 
01^ BxibPi g^isi^ soil ^leioife soi ci. 

01 2f 18 »aaa SOI2^h tf4BS^I SB. CMP S§ AI CMPg 9HOI3(chemical)2| S¥0il 2JSH 

»aS(A)]» M0I2(B)^I CH^ CH 3HX^ P||0|M ^^2| 82}?} ^^ISlfe SJ9I3 0I 2iSiC}.(2 1g S5) 



WSOI OimJm8H= Jim?*! MM 

s t§8 oioi^ xi 01 ^ lh^2i ^asoiu M012 gjxiir 4^ chch^j xioim^ 
xi ^ a Jii^^se ^issi^cii 3 ^*<oi sic}. 
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?|» B BT9S, HI1 £31 £^ M^XI^Ei HI 2 £S§ £^ egHxi^Q 

S^g ^ til Eh BJSEHI J\B &0\\ HI1 £2§ M^sOl £S3 tf»e* §J CHOI IHIOI^g MH^m !£8r 

fe hh B3I; chdi >iioi^g Mgsi §y &m^m imay 6 r oi choi ^loi^g §^a^ hi 2 b 

31; 6>0| HI2 B3I m ki9 HI1 91 HI2 £21 3.± ^&X\±B S^Hj &OI &£a D\B 

2^21 oil ^2^/Haiej s^e ?ie n^s oie^eje tfAisht hi 3 eai; chdi ^ioi^ Af 

0|2| ?}=im OHil&Ol S^^fM OI¥*r HI4 B3I; £>0| CHOI :»IO|^g HI >l 61 Oj CHCH<M 

^lOIMg if §g5 r £f HI 5 B3I; ^^1 HI 2 £21 ^21X1^9 g«2J 2tf^S XMolfe HI 6 B 

311: £PI 01012 ^lOIMg § ^«0|| §B°t ^ HII 01 AH M lS6f£|, &3| HI1 £21 £^ ^XI^EH g 
«oj A^i gQQ j. ^moiAl 5r¥0ilB fcWWOI 2W£|£^ 6 r £r HI7 B3I; ^xH^IM tfAIShOI 

tiSW LH2| M^MOI #J\ HI1 £21 £^ ^ XI ^ EH g^2J «3| BESI ^IB2§ au*g£M 6KM 
LDD ^£2J ^£^/£aieiM SS6r£f HI8 B3II; feOI HI8 B3IM 0F£! 2 HI ^£ #¥011 ^1101^ M&^t 

si ^ioim 2^g ssste aa»Ffc Hi9 b^i; » jioie 2^§ 2£Qie aiAiiawoi £>oi cum 

2 ^lOl^g S LH¥0||B 2#EJ£^ 5r£r H1 10 B2IH SS»0| 0|^Oi2Ch 



0I6K B BT9 0I ^oFb 3|£«0K>I|AI S&2I X|±»g } r 2 XPr B g*g2| A^S S0I8MI £A| 

g ^ §£^ ^ All 81 tiS»?| ?i8K*, B fltBSI tiAIOlia §¥8 £B# S£6rOI 

fiSSPIS SCK 

£ 2a LHXI £ 2gb B Oil drE H^AIOIIB OIDi2 }I0|M1 £^ ^SiXI^Ei HI 5 S3£^AH , CH 
01 (dummy) ^ilOIMM Af§S S§i £A|oH2 SIQ. 

B 6IAI0IIB eiXi, £ 2a0{| £AI9 UF2f 901 «(well. £A|£|XI &m)m ttflfi ^ ^^2^ 5§I fl 
& OIB^^m ^A|& ^aig Pie(20) ^ CHI 21 (phosphorus) 0IS0I 2 - 6% 3£2| £SQ 
PSG(phospho silicate glass)SK21)S 200 - 400A §£2) * ME.|^e.| = ^M i^6Q, 

01 M IlHEiymOj 1500 - 4000 A §££] ^MM JlXlt: CHDI 3ilO|M(22)M IS^Q. 

CH2§, £ 2b Oil £A|S tifSj- ^0| PSG^(21)M Hl^& ^ ^£^/£EIIB 1S§ Hfe£ 

Olg^gJS ^Al&Cf. OlffH. NMOS M^XI^Ei S^Oilb n + ^£^/££lieJ SSM ?io r 01 As(Arsenic) 01 

B^gjg ^Aiam, pmos M^xi^a s^oii^ p + ^£^/£aiB m&m ?imoi bf 2 £^ b oig^gje 

a§2S ( £ 2c0{| £AIS bh2f 901 2X11 ^¥011 mm S«K Chemical Vapor Deposition, 

CVD)Sg ArSoFOI eZI!B^(23)e 3000 - 5000A §£2| ^XHI^ S^orH, CM PS ^A|6r01 CHOI 3HI 01 
M(22)m ±mm §£S #^§B^(23)M S&S&Cr. Jl^6r01. CHDI ^|0|M(22)M TMAH(Tr i methyl 
Ammonia Hydroxide) B^m A r §& ^aiai^o^ ^ew^ Hl^SrOI #^12^1(23)011 CHCH2 ^ilOIMg 

mm m&mo. oihh, choi ^101^(22)21 hi>i^ sf 6 ^f^m & msi^df 2^^202^ 

^£ 8ia. 

Cfgo^, £ 2d Oil £A|£ b r 2F 901 2X11 ^¥0|| isfS} £^ 2sf^^ IS CVD^£^ 

§2|g[ * D^3I AFg6fXI 2B ^^6 r 01 CUCH2 ^lOl^g if ^£|MH) #y 

1B^(23) ^^Oil S^Qf ^dlOl Ai(24)M SS&CK 0] CLH , PMOS ^^IXI^Ei S«2| S^OII^ CHCH2 >ll 
Ol^e SOfl PSG^(21)M BHF(buf fered HF)g^S ArS^ A -I ? 4S2§ HI >l §} ^ IB^I ^ 

dlOIAU24)M m&o\0\ NMOS Mg!lX|>:Ei S^Oil M&& ^2j|0l Ai2J 6 r ¥0ilB PSG^(24)0| ^OF2i 

£^ SO. 

SB, £ 2a LHXI £ 2d0li £AO g§7»X|^ g§S2I 650t; 0|6^ 5KX 2^6f£^ §lCf. 

^l^mOi , £ 2e0il £AI@ bF2f 901 LDD(Lightly Doped Drain)^ NMOS MHIXi^Ei ?i§* ^XH 

£IM ^ AI6F01 NMOS e^HXI^Ei §^2J ^Bl 01 Ai (24) or ¥011 ^0^^ PSG^(21)2| BOI^OI PJ 

^E.!^ ^ I & ( 20 ) 2? £r2£|Oi n" LDD §^0| 1^£|£^ &P. 0| EUi r ^xHdlfe N 2 £fe 0 2 B2|^| 

0\\M ^^^xHai (Rapid Thermal Annealing, RTA)S £^ £(furnace) gxHdia£^ ^Soh^dl, RTA AI 
Oilb 800 - 1100t; §£2| S£0||Ai 30 - 120S §£ ^SohOl, £ SxH£| A|0||^ 700 - 1000TC §£2| 

&£0iiAi 20 - eom §£ 48^a. 

Crg£^, £ 2f0il £A|Q d r 2r 90! ^die ^IB(20)M ^^AilS& ^ 2 HI ^¥0|| ^|OIM 

IB ^(25) » ^ilOl^ 2^g e^S|(26)e ^ CMP S§i S!S6[0t D\\0\^. 2^g S^^(26)0| 

CHDi2 ^lOjes mmoilB 2#6 r £^ SO. OlEDi, ^101^ 1B^(25)B Si0 2 , A I A, Ta 2 0 5 2f 9S ii 

^ B^ £^ S&6^ A*§5rO|. 20 - 100 A §£2J ^JJIIS e^SCr. 3d|H, ^|0|M 2^e 
^^e|(26) m^^-ti Mdl^dietpolysi I icon) , 9B| ^ El B-PII = Dhfe(poly si I icon-germanium), 
§^ei(W), ^d|ArOI£(sillicide)2f 9£ fit B^ £fe ^t^6 r 01 ArgSP. 



0|g^, B CHCH2 ^lOl^g mUiOil >ilO| ^ 2£^M DHU&OH 21CHAH , □Did >1IO|^g 

# ^^01 2^2] 3AfB(positive slope)S ^£H* IB^r ^HilOIAiM 1^6 r 01 >ilO|M 2^g 2£^2| 
29-1 ^^AI^o^AM, 9EISOIU S0|£M &XIB 4- 2iCf. 

SES, NMOS M^IXI^Ei S^Oil S«E ^B^i ^CIIOIAH 6r¥0IIB PSG^OI ^£^ ligSrOl ^xHdl A| 



8-3 



g}H m3\ ^2001-0065914 

PSGBtOII 283 01 21 01 SOI ^die SftfSE^ 8SSJ1M , n + LOO ?5f NMOS ^ 



b &921 &d\ gAioiioii cu-bf ^hi^ss ^-go^u. *jaigii^ n m 

si «e aoioi n Hies 201 o>y e ^moict eo. se&. b ^shi j\m ^0*21 s^hj 
ssmae « uasi ^is M&21 a 9m 011 m ^aiooi- D^mm oishs 4^ at 20m. 

s ires c«Di<M }ioi^g soil jioim s^g asom oh a a 011 &chai, vats oil* moiem gm» 

fc a^l- 2i£M, oi Oil d>df 3B0IM ^£ 94 411 BtfAOIb 21 0. 

§?8 1 

HI1 £21 S±± M^XI^Ei g«j» HI 2 £21 2^ ^&X\±E\ S^S ^bie B*£» &0\\ HI1 

£2i g£MO| £S9 <^^Q| *J CHOI }IO|^g S3QtS StiStb XI1 1 B3|| ; 

&d\ choi :hioims sa^t a spi #»e[« raaymoi choi ^ioi^m sss^ hi2 b*i: 

n\2 4* a m &d\ hh as si 2 £21 m^xi^ei s^hi 4^1 e*£»i jib ^ 

Oil 4:£^/Eai£] 91 ^ HfeE M£g OI^^^M ^Al Sfe HI 3 B3I: 

CHOI JIOIM AVOISJ §yigef2S OHUmOi g&lFM OI¥lr HI4 B3I; 

choi D\\o\^m mum® chch^ :nioimg it iaa^ xhis bji; 

HI 2 £38 MgHXI^E) g«°| a^i ^»Qf» HI^SFfe: Hi6 B3I: 

feOI CHOH^ ^I0|M§ S ^^011 r^UIIOIAiM SS6|£|, &D\ HI1 ESi £^ ^XI^Ej g«2| 
Af^j §00} ^ffllOIAH 6*¥0||B £M #»S*0| SWEIE^ ohb 73I7 B3II : 

^x-iEIM aAloKH tts}^ LH£| g£M0| &2I HI1 £S§ £^ ^SHXI^EI 6PI »£» J I 
B2S moi LDO ^£2J ^£^/£^ieiM l^Sfb HI8 B3I : 

6PI XHI8 B3IM OtS! Sfll ^¥011 ^1 01 M ^ ^|0|M S£^M HI 9 B3I; 

&oi moie S£5|M aiAii^moi cnoi<y ^ioiMg m lh¥oiib s^a£^ aib xrno B2i 



H1 1 »0|| aiOj/H, 

800-11001321 8£2J N 2 £^ 0 2 ^?I^IOilAi S^^XH^I u o^2£ 4IA|oK= 31 f§25 6^ □ 
Old 341 01 ^ S £^ M^XI^d Hl^aa. 

3 

HI 1ST OH SiOlAi, 
6T5I ^ xH dl ^ , 

700-1 000 lC2j S£oj Nz gc^ o 2 ^^1^1 Oil AH £ g xH EJ gf^|£^ ^A|oh^ 31 "S2^ 6fb CH 
^lOIMS £^ M2!XI^EJ HI^^S. 

S^PS 4 

HI1S LHXI HI 38 S CH£ » 8 Oil ?JlO\M, 
^»etOI, 

200 -400 A ^fl|°J 31 ^S2^ 6^ □Ol^ ^lOl^g eg«xi^Ei HlS^a. 
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S^?S 5 
AI4S0II 9XO\M. 

2J(P)0| 2~6%2| £SS PSG^ei 21 ^§£5 6^ CHCH£J ^101 eg 5A e^xi^Ei 

S^S 6 

BI390II ^OiAl, 

an lhxi »i7 E+^tife. 







-12 





if OlS^gJ 

I I I I I 







-13 






-12 




V/M/S/////?. 







rf 0IS?gJ 




8-5 



ginm m mzoo 1-00659 h 



SB Id 





£&1f 




8-6 



£&2a 



DWm 5)^2001-0065914 




22 



—20 



21 



NMOS 



PMOS 



02b 



23 



--22 
--21 



--20 



PMOS 



NMOS 



02c 















-23 


id 




^^^^ 


— (— 

21 




-20 















NMOS 



PMOS 




NMOS 



PMOS 



8-7 



» 



mm ^2001-0065914 





H 




TV 




-23 




^21 y///S^/& 














-20 












NMOS "V 


PMOS 








NMOS 



PMOS 




NMOS 



PMOS 



8-8 



